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Abstract 
Electron density dynamics in air, nitrogen and argon femtosecond filament plasma channel is studied under different pressure up 
to hundreds of picoseconds after ionization by transverse interferometry method. It is revealed that initial electron density in 
nitrogen plasma rises significantly under the pressure over 4 atmospheres. Optical refractive index anisotropy, which precedes 
and accompanies ionization, related with intense pulse propagation is revealed.  
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1. Introduction 
Filamentation of femtosecond laser pulses provides many interesting effects such as supercontinuum and teraherz 
generation, formation of conducting plasma channels, etc. [Couairon and Mysyrowicz (2007)]. Dynamical balance 
between self-focusing and plasma defocusing results in creation of a long plasma channel. However, in recent works 
it is shown, that not only plasma defocusing but also high order Kerr effect may saturate intensity growth [Brejot et 
al. (2010), Panov et al. (2013)]. Thus, study of the moment of plasma channel formation could reveal role of both 
mechanisms. 
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3. Results 
The results for gas ionized by 40 fs laser pulse under atmospheric pressure are given in Fig. 2. They show that 
electron density decreases faster in N2 than in air with close initial plasma parameters. In addition, it shows that 
plasma channel in Ar exists much longer and its decay is negligible on 150 ps time scale.  
 
Fig. 2. Electron density dynamics in plasma channel induced by 40 fs laser pulse decay under atmospheric pressure. 
The results for plasma channel induced by 150 fs laser pulse are given in Fig. 3. Fig. 3.(a) gives results for gas 
under atmospheric pressure for air, nitrogen and argon. In Fig. 3.(b) - for nitrogen under pressure from 1 to 7 
atmosphere. An interesting feature is that initial electron density in nitrogen channel rises significantly under the 
pressure over 4 atm. Another high-pressure (5-7 atm) feature is the spike-form of the phase shift profile and 
correspondingly of the refractive index (plasma density) profile in argon plasma channel (Fig. 4). Moreover, this 
"spike" becomes more significant at hundreds of ps after ionization. 
 
(a)                                                                  (b) 
Fig. 3. Electron density dynamics in plasma channel induced by 150 fs laser pulse (a) under atmospheric pressure; (b) in nitrogen under 1-7 
atmospheres. 
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Fig.5. Optical anisotropy in noble gases.(ļ-horizontall
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